Background and Objectives: One of the mechanisms proposed by which H. pylori causes gastric cancer (GC) is through DNA damage due to chronic inflammation. Genomic integrity is guaranteed by repair enzymes such as APE-1, OGG-1, and PARP-1. Host genetic polymorphisms associated with the bacterial strain may influence the ability to repair the damage, contributing to the development of H. pylori-associated GC. The aim of this study was to determine the association of the polymorphisms APE-1 (T2197G), OGG-1 (C1245G), and PARP-1 (A40676G) with H. pylori-genotype in 109 patients with GC. Methods: Polymorphism was assessed by polymerase chain reaction (PCR)-restriction fragment length polymorphism (RFLP) and H. pylori detection/genotyping by PCR. Results: In the intestinal subtype, PARP-1 wild-type was more frequent (P ¼ 0.001) in patients >50 years old. The repair enzymes genotypes analyzed in combination showed that the less pathogenic strains are associated with the APE-1 polymorphic allele and, unexpectedly, with PARP-1 wild-type, but this last one associated with APE-1 polymorphic allele or in older patients. Conclusions: Our results indicate the importance of H. pylori and APE-1 genotypes in the gastric carcinogenesis. Also, support the hypothesis of a decrease of PARP-1 wild-type activity in older individuals. Taken together these data may be an important clue to understand the role of low-virulence strains of H. pylori in gastric carcinogenesis and point the importance to analyze the polymorphisms as a group.
INTRODUCTION
Gastric cancer (GC) is the fifth most common cancer and the second leading cause of cancer-related mortality in the world [1] . In Brazil it is a relevant cause of cancer-related death patients, with high prevalence in the Northeast region [2] . Adenocarcinomas represent 90-95% of gastric tumors [3] , divided into intestinal and diffuse subtypes, according to the Lauren classification, with distinct histological and epidemiological features, as well as different prognosis [4, 5] .
Gastric carcinogenesis is a multifactorial process, and Helicobacter pylori (H. pylori) is the main initiator of inflammation and atrophic changes in the gastric mucosa [6] . The association between chronic H. pylori infection and the development of GC is well established [7] . Although it is known that both bacterial virulence and host genetic susceptibility are associated with cancer risk and progression [8] , the exact host and bacterial genotypes relevant to this relationship are still unknown.
H. pylori has a great genetic diversity, and virulence factors play important roles in mucosal injury, especially cagA (cytotoxin associated gene A) and vacA (vacuolating cytotoxin A) genes. cagA is involved in many cellular host alterations and tightly associated with GC risk [9, 10] . vacA gene is present in essentially all H. pylori strains. It is a potent toxin and induces the formation of vacuoles in host cells. There are two types of signal region (s1 and s2) and middle region (m1 and m2) in this gene. The mosaic combination of these exhibit different levels of toxin activity and are associated with different risks of gastrointestinal diseases. In general, vacAs1m1 produces a large amount of toxin and induces a higher vacuolating activity, whereas vacAs2m2 produces little or no toxin [11] .
Additionally, cagE and virb11 genes were found at a relevant frequency in the GC patients [12] . cagE has been associated with induction of IL-8 in gastric epithelial cells, enhancing the inflammation [11, 13] . ATPase virB11 protein is one of the bacterial type IV secretion system, essential for transport of bacterial components [14, 15] .
On the other hand, the persistent inflammatory process due to H. pylori infection generates large amounts of reactive oxygen species (ROS), which can cause high DNA oxidative damage levels [16, 17] and, therefore, requires continuous repair. The base excision repair pathway (BER) is the most important mechanism in the repair of oxidative damage DNA [18, 19] .
One abundant type of DNA damage resulting from ROS exposure produces oxidized bases such as guanine , which has been shown to be highly mutagenic, resulting in G:C to T:A transversion [20] . The major excision repair enzyme for 8-OHdG is 8-oxoguanine DNA glycosylase 1 (OGG-1). Apurinic/apyrimidinic (AP) sites generated by the removal of oxidized bases are repaired by APE-1, a multifunctional protein that plays a central role in the BER pathway. It cleaves 5 0 of DNA abasic sugar residues and acts as a 3 0 -phosphoesterase to initiate the repair of strand breaks. In addition, this enzyme also functions as a redox factor facilitating the DNAbinding of numerous transcription factors [9, 18, 21] . The removal of AP sites by specific enzymes can generate DNA strand breaks, which activate PARP-1. It is a conserved enzyme that catalyzes the poly-ADP-ribosylation of numerous nuclear proteins including histones, thereby playing an important role in BER and maintenance of genomic integrity [19, 22, 23] .
Recently, host genetic susceptibility to cancer related to polymorphisms in DNA enzymes repair have been investigated [24, 25] . In GC some important polymorphisms to be investigated are: OGG-1 Ser326Cys (40676 A ! G) in codon 326 of exon 7 [26, 27] , which has been associated with reduced DNA repair capacity [28] ; APE-1 Asn148Glu (2197 T ! G) in codon 148 of exon 5 [29, 30] , which has been reported to have an increased sensitivity to ionizing radiation in homozygosity [18, 30] ; and PARP-1 Val762Ala (40676 A ! G), in codon 762 of exon 17, which has been associated with GC risk besides cag(þ) H. pylori infection [23] .
Considering all these points, it is important to investigate in GC patients, the interaction between the virulence of the infecting strain and the polymorphisms of host repair genes. Therefore, this study aimed to find an association between the H. pylori genotype and the above-mentioned polymorphisms, to elucidate the association between bacterial virulence factors and host genotype which favors GC development.
RESULTS
Among the 109 tumor samples analyzed, H. pylori was present in 92.6% (101/109) of the cases. Most cases involved male patients (69%) and 53.2% were over 65 years old. Noncardiac accounted for 75.2% of the cases. The intestinal subtype was slightly more frequent than the diffuse subtype (55% vs. 45%, respectively). The patients in the intestinal subtype were significantly older (!65 years old; r ¼ þ0.261; P ¼ 0.006), whereas those of the diffuse subtype were younger (<45 years old; r ¼ þ0,265; P ¼ 0,005). A higher frequency of the cases (61.5%) was classified as advanced grade (III-IV).
The genotype distributions for DNA repair enzymes of all samples are shown in the first line of Table I . A high frequency was found for the homozygous polymorphic APE-1 (13.8%; GG) genotype, contrasting with the low frequency found for the homozygous polymorphic genotypes of OGG-1 (4.6%; GG) and PARP-1 (3.7%; GG). The genotype frequencies of these enzymes were not different according to the patient's age, using a cutoff of 50 years old. However, considering the histological subtypes, it was observed that in the intestinal subtype, PARP-1 (AA) was statistically more frequent (P ¼ 0.001) in patients >50 years old [70% (39/55)]. Considering the >50 years old group, the homozygous polymorphic PARP-1 genotype (GG) was characteristic of the diffuse subtype, differing statistically from the intestinal subtype (P ¼ 0.002).
Association of Repair Enzyme Genotypes and H. pylori Genes
Taking into account the polymorphism of the repair enzymes and H. pylori genes, an association was observed between H. pylori cagE(þ) strains and the PARP-1 and APE-1 alleles. All homozygous polymorphic genotype carriers of PARP-1 (GG) were infected by cagE(þ) strains, while 70% patients infected by cagE(À) strains were mainly wild-type (AA) carriers (36/50, P ¼ 0.042). For APE-1, the opposite was found; patients carrying the wild allele (TT þ TG) were positively correlated with H. pylori cagE(þ) strains (r ¼ þ0.199; P ¼ 0.046). Also, this group statically differed (P ¼ 0.049) from the patients carrying the homozygous variant (GG), where 73.3% (11/15) of the APE-1 GG carriers were infected by cagE(À) strains. Additionally, patients carrying the APE-1 wildtype genotype (TT) (83.7%; 31/37) were infected with vacAs1m1 strains, differing from the patients carrying the variant allele (TG þ GG; P ¼ 0.021) or the homozygous polymorphic genotype (GG; P ¼ 0.049). Corroborating these data, patients carrying the polymorphic allele (TG þ GG) or the homozygous polymorphic genotype (GG) were statistically more infected with vacAs1m2/s2m1 strains than patients with the wild-type (TT) genotype (P ¼ 0.024; P ¼ 0.005, respectively).
Considering the histological subtypes, in the intestinal tumors, 70% (12/17) of patients carrying the allele variant PARP-1 (AG/GG) were positively correlated with H. pylori cagE(þ) strains (r ¼ þ0.272; P ¼ 0.043), and also differed statistically from the patients carrying the wild-type genotype (AA; P ¼ 0.041). Moreover, in this histological subtype, 66% (33/50) of patients carrying the APE-1 wild allele (TT þ TG) were infected by H. pylori virB11(þ) strains (P ¼ 0.029). No associations were observed between OGG-1 genotypes and H. pylori genes. No associations were observed with the polymorphisms studied in the diffuse subtype.
Analysis of H. pylori Genotypes in Association With the Repair Enzyme Polymorphisms
For these analysis, the cases were grouped according to H. pylori genotypes, using as division criteria the vacA alleles (s1m1, s1m2/ s2m1, s2m2) and the presence of cag pathogenicity island (cag-PAI) genes (cagA, cagE, and virB11). Within this context, cagA and cagE were considered as right-side markers of the island, and virB11 the left-side marker, as specified in Table I . Based on that, 12 groups were formed, and the A1 was considered the most virulent group while the C4 was considered the lower virulence group, as previously described in Lima et al. [12] . Thus, the high-or moderate-virulence strains were in A1 ! B2 groups and the low-virulence strains in B3 ! C4 groups.
In these analyses, all patients with homozygous polymorphic PARP-1 genotype (GG) were infected with strains from the A1 group, showing a statistically significant difference when compared with the other strain groups (P ¼ 0.004). Also, in the intestinal subtype, a positive correlation was found (8/8: r ¼ þ0.270; P ¼ 0.045) between the eight cases of H. pylori strain group without cag-PAI (A4 þ B4 þ C4) and patients carrying PARP-1 wild-type (AA) genotype. All eight patients were >50 years old.
Concerning the APE-1 polymorphism, it was observed that patients carrying the homozygous polymorphic APE-1 genotype (GG) were infected with group B (40%, 6/15) while patients carrying the wild-type genotype (TT) were infected with strain from group A1 (35.1%, 13/37) with a statistically significant difference between them (P ¼ 0.016). Genotype analysis of OGG-1 showed that homozygous variant (GG) was mainly infected by A2 strains, differing statically from the others H. pylori groups (P ¼ 0.008).
Considering the most virulent and frequent group, A1, a positive correlation was found between the heterozygous (TG) of APE-1 and wild-type (CC) of OGG-1 (r ¼ þ0.350; P ¼ 0.043). Correlations in the other groups were not examined due to the small number of cases.
Categorizing the H. pylori cases as high-or moderate-virulence strains (A1 ! B2) and low-virulence strains (B3 ! C4), it was observed that a significant frequency of patients carrying PARP-1 polymorphic allele (AG or GG) was infected by high-virulence strains (A1 ! B2) and that, curiously, the patients carrying PARP-1 wildtype genotype (AA) was significantly (P ¼ 0.0396) infected by lowvirulence (B3 ! C4) H. pylori strain (Fig. 1A) . It is noteworthy that 14 of 19 (73.6%) patients carrying the wild-type PARP-1 (AA) 
and virB11(þ) genotype and infected with low-virulence (B3 > C4) strains were >55 years old (Fig. 2) , while four of five cases of PARP-1 (AA) and <55 years old infected with low-virulence strains were associated with the polymorphic allele of APE-1 (TG or GG). Additionally, patients carrying the APE-1 polymorphic allele (TG or GG) were infected by low-virulence strains (P ¼ 0.0422), and patients carrying the wild-type genotype (TT) were mostly infected by high-virulence strains (Fig. 1B) . Considering the OGG-1 genotypes (Fig. 1C) , no difference was observed between the virulence of the infecting strain with CC versus CG þ GG (P ¼ 0.505), or between CC þ CG versus GG (P ¼ 0.22) or CC versus CG (P ¼ 0.67).
Comparison between the wild-type genotypes of repair enzymes according to H. pylori virulence is shown in Figure 1D . From this figure it is possible to observe that the low-virulence strains were statistically (P ¼ 0.046) less frequent in patients carrying the wildtype (TT) of APE-1 than carrying the wild-type (AA) of PARP-1. These data confirm the previous data in which an association was observed between wild-type PARP-1 genotype and less pathogenic H. pylori strains. No difference was found between APE-1 and OGG-1 or between OGG-1 and PARP-1 genotypes.
To observe the relevance of each polymorphism in the genes of repair enzymes, an analysis of associations between them was performed. Table II shows the frequencies of the genotype combination, considering two enzymes distributed according to the more and less virulent strains. This table also shows a significant association of the small number of cases infected with low-virulence strains in patients carrying the APE-1 wild-type (TT) genotype when compared to those carrying the APE-1 polymorphic allele, independent of the OGG-1 or PARP-1 genotypes. When the OGG-1 and PARP-1 were combined, the opposite was found; the less virulent strains were significantly more frequent (86.3%; 19/22) than patients carrying the PARP-1 wild-type genotype (AA) regardless of the OGG-1 genotype. However, the combination of three genotypes (Table III) shows that these patients carrying the PARP-1 wild-type (AA) genotype and infected by low-virulence strains were commonly associated with the polymorphic allele of APE-1 (78.94%; 15/19). Moreover, the number of cases of triple wild-type genotype infected by low-virulence strains (B3 ! C4) was very low (only three).
DISCUSSION
Polymorphisms in several DNA repair enzymes, including genes of APE-1, OGG-1, and PARP-1 have been studied in various cancers, including GC, due of its critical role in maintaining genome integrity [24, 26, 31] . Some experimental and case-control studies have shown that functional variations in these genes can alter the functions of the BER system [23, 29, [32] [33] [34] [35] . Unlike these reports, the present study aimed to investigate the polymorphisms in repair enzymes considering the histopathology of GC and, for the first time, the in vivo association between the genotype of the strain of H. pylori and genepolymorphisms of DNA repair enzymes APE-1, OGG-1, and PARP-1.
In the population studied, the polymorphic allele of APE-1 (T2197G) which is described as a common allele in the world population, was found in a high frequency [29] , been the heterozygous genotype the most frequent, as in others studies [30, 32, 35] . The low frequency (4%) of the homozygous polymorphic OGG-1 genotype (GG) was similar to that reported by Li et al. [30] in Texan patients with cutaneous melanoma (3%) and by Hanaoka et al. [36] in Brazilian GC patients (4%), but it differed from Brazilians of Japanese descent (16%), showing an ethnic background influence. The homozygous polymorphic genotype frequency of PARP-1 (GG) varies widely according to the population studied, ranging from 2% to 19.9% in studies from United States [37] and from China [38] , respectively, indicating possible ethnic differences for the presence of this polymorphic allele.
Considering these genotypes and the characteristic of the patients and the histopathology of the studied GC tumors, it was observed that, although no difference has been found between genotype distribution and the histological subtypes, a statistically significant difference was shown between intestinal and diffuse subtypes when age was considered. Analyzing the >50 years old patients group, 70% patients carrying the PARP-1 wild-type (AA) was significantly associated with the intestinal subtype, which was significantly composed of older patients (!65 years), and conversely, patients carrying the homozygous variant (GG) was associated with the diffuse type, composed of the younger patients and the more aggressive subtype. This association could been explained when the PARP-1 activity is taking in account. It is interesting to note that in cell culture experiment Mishra and Das [39] and Quesada et al. [40] demonstrated a reduction of the natural activity of PARP-1 related to age. These findings could explain the high frequency of the wild-type of PARP-1 (AA) found in this study since our sample comprised mainly older patients, and the vulnerability to DNA damages in old age suggested by Strosznajder et al. [41] using animal models. However, additional studies are required to confirm, in vivo, the low enzyme activity associated with age progression.
In gastric carcinogenesis, the relationship between the bacteria and the host is not completely understood. Here, we hypothesized a relationship between the bacterial genotype and the polymorphism of repair enzyme genes involved in oxidative stress. Thus, the polymorphism was considered taking into account single bacterial genes and genotypes beyond the histological GC subtypes. Considering the frequency of polymorphisms in association with the single H. pylori genes, it was observed that among the bacterial genes, cagE stood out, since the presence of this bacterial gene was significantly correlated with heterozygotes genotype of PARP-1 (GG) carriers in the intestinal subtype and in the total sample, with the wild allele of APE-1 (TT þ TG). These data indicate the importance of cagE in gastric carcinogenesis, explaining the high frequency of this bacterial gene found in GC described in previous studies from our research group [12] . Additionally, Tiwari et al. [42] showed that cagE has a high predictive value for the development of GC along with other genes of the bacterium, such as cagT, hrgA, cagA, and vacAs1m1. To understand the influence of H. pylori genotype infection associated with host APE-1, OGG-1, and PARP-1 genotypes, H. pylori genotypes were grouped as suggested by Lima et al. [12] . The presence of strains in group A1 associated with the wild-type carriers of all three repair enzymes genes point to the relevance of strain virulence in gastric carcinogenesis. Overall, the association between strains from virulent groups A1, A2 with patients with homozygous polymorphic genotype of PARP-1 (GG) and OGG-1 (GG), respectively, and strain from B4 (a group considered not a virulent group) with patients with homozygous polymorphic genotype for APE-1 (GG) showed the relevance of host susceptibility conferred by polymorphic allele associated with certain strains (virulent or moderate strains of H. pylori).
As the A1 group was the more frequent group and consisted of the more virulent strains, the data from this group were analyzed separately. In this analysis, a significant correlation between the heterozygous of APE-1 (TG) and wild-type of OGG-1 (CC) was found, highlighting the importance of the polymorphic allele of APE-1. These data are also corroborated by the significant association between the variant allele of APE-1 (GG) and strains with moderate virulence, vacAs1m2/s2m1. It is known that in BER, APE-1 interacts with OGG-1, so that the reduced ability of the polymorphic enzyme APE-1 in interacting with OGG-1, besides other proteins in BER, results in decreased efficiency of this pathway and disease susceptibility as hypothesized by Hadi et al. [29] , placing the significance of OGG-1 wild-type in a secondary position, in this case, in relation to the APE-1 variant. The interaction of these two enzymes has also been observed by Vodicka et al. [32] which showed a significant decrease in DNA damage repair capacity associated with the same variant allele of OGG-1 and APE-1 analyzed in this study. These same polymorphisms were also associated with increased risk of colorectal cancer in individuals simultaneously homozygous for the variant alleles [34] .
On the other hand, considering only the less virulent strains (A4 þ B4 þ C4), it was found, in the intestinal subtype, that patients with wild-type genotype (AA) of PARP-1 were significantly associated with these strains. The cellular susceptibility to infection by strains described as low virulence by wild PARP-1 could possibly be due to the low enzyme activity associated with the age progression mentioned before, since 8/8 patients from A4 þ B4 þ C4 group were >50 years old. Another possibility involves the metabolic aspects of PARP-1. It is known that the activity of PARP-1, polymerizing ADP-ribose and transferring it to various nuclear proteins, consumes NADþ and thus consumes cellular energy. Although PARP-1 has an important role in the cellular repair, its activation can cause necrosis and inflammation due to the depletion energy [43] , contributing to the carcinogenic process.
As it was found, same apparently unexpected results (association of low virulence strains with wild-types genotypes of the repair enzymes), the host genotype for repair enzymes were combined two by two and compared with the bacterial high (A1 ! B2) or low (B3 ! C4) strains. The polymorphisms in enzymes APE-1 and PARP-1 stood out. APE-1 polymorphic allele showed a strong susceptibility to infection by less pathogenic strains, regardless of the genotypes of PARP-1 or OGG-1, corroborating the experimental findings from Hadi et al. [29] and Vodicka et al. [32] related to inability of the variant enzyme of APE-1 to interact with other BER repair enzymes. PARP-1 wild-type genotype (AA), in turn, showed a strong association with less pathogenic strains (B3 ! C4) infection. However, the majority, 73.6% (14/19) of the patients, carrying the PARP-1 wild-type (AA) genotype and infected with low-virulence (B3 > C4) strains were >55 years old (as seen in Fig. 2) , while the five cases of PARP-1 (AA) and <55 years old infected with lowvirulence strains were associated with the polymorphic allele of APE-1 (TG or GG), suggesting that patients carrying the wild genotype of PARP-1 (AA) and infected with low virulence strains are more susceptive to cancer development when they also carries the polymorphic allele of APE-1 or are in advanced age.
To better understand the reason why the genotypes coding for efficient enzymes (wild-type genotypes) were infected with lowvirulence strains (see Fig. 1D ), a qualitative analysis was performed fixing the wild-type of one of the enzymes and combining with the others. It was thereby possible to observe that just a small frequency of cases with triple wild-type genotype carrier was infected by low-virulence strains. The virulent strains associated with this genotype show the importance of the H. pylori genotype, which was related to GC even in the presence of an efficient repair system. For patients carrying the PARP-1 wild-type (AA) genotype, it was confirmed that they were commonly associated with the polymorphic allele of APE-1 (78.94%; 15/19) . Also these analyses showed that The total considers the triple wild-type along with the polymorphic associations.
APE-1 wild-type (TT) was associated with the lower number of cases infected by more virulent strains (A1 ! B2) compared with the others. Thus, the finding of this study showed that the associations between low/moderate virulence strains with the presence of polymorphic allele of APE-1 highlights the relevance of this polymorphic enzyme in gastric carcinogenesis with low-virulence strains. On the other hand, the wild-type of PARP-1 (AA) seems to be less effective against the same H. pylori strains in older subjects, whereas in young patients with this PARP-1 genotype, the lowvirulence strains contributes to the gastric carcinogenesis in the simultaneous presence of the polymorphic allele of APE-1. Concerning OGG-1, no substantial results were found with this analysis, despite the large number of studies showing its importance as a repair enzyme, suggesting that the role of OGG-1 is secondary to that of APE-1 and PARP-1. This is possibly due to the fact that the AP site generated by OGG-1 activity, if not corrected by a functional APE-1, may result in further damage, and carcinogenesis process.
Moreover, in this study, the importance of the H. pylori genotype was highlighted, since patients with the wild-type for the three repair enzymes studied were significantly infected by high-virulence strains. Taken together, our data lead to an important clue in understanding the role of low-virulence strains of H. pylori in gastric carcinogenesis. Also emphasize the need to analyze host polymorphisms considering their combination as well as the H. pylori genotype (unlike its single genes).
MATERIALS AND METHODS

Study Population
The present work was approved by the ethics committee of the Federal University of Ceará under protocol no. 047.06.09. All subjects signed an informed consent form before inclusion. A total of 109 gastric tumor samples, surgically resected, were obtained from two hospitals in the state of Ceará, Brazil: Walter Cantideo Hospital at the Federal University of Ceará and Santa Casa de Misericórdia Hospital, both located in Fortaleza, the state capital. The tumor fragments were collected during gastrectomies, and the specimens were then subjected to DNA extraction. The histological diagnosis and tumor classification were based on Lauren's criteria. No patients had received chemotherapy or radiation therapy before surgery.
DNA Extraction
Genomic DNA was extracted from frozen tumor tissue samples, using the cetyltrimethyl ammonium bromide (CTAB) method adapted from Foster and Twell [44] , only when the histopathological analysis determined that the tumor specimens consisted mainly (>80%) of tumor cells. DNA quality was analyzed by 1% agarose gel electrophoresis with ethidium bromide staining. DNA concentration and A 260 /A 280 ratio were determined using a Thermo Scientific NanoDrop TM 3300 fluorospectrometer (Wilmington, DE).
Genotyping H. pylori
The resected tissues were used to detect H. pylori infection and their respective genes by polymerase chain reaction (PCR). H. pylori detection was performed by amplification of the urease C gene. PCR mixtures were prepared in a final volume of 25 ml containing 1.5 mM MgCl 2 , 0.2 mM dNTPs, 0.4 mM each primer set, 1.25 U Platinum Taq DNA polymerase (Invitrogen, São Paulo, SP, Brazil), and 100 ng DNA. The reaction conditions were previously described [45] . Negative (water) and positive (DNA containing known H. pylori positive genes) controls were assayed in each run. PCR products were separated on 6% nondenaturing polyacrylamide electrophoretic gels stained with silver.
DNA Repair Polymorphism
Single nucleotide polymorphisms (SNPs) for DNA repair genes were determined by a PCR-(restriction fragment length polymorphism-RFLP) based method. For APE-1 and OGG-1, PCR products were generated using, in each reaction, a total volume of 25 ml containing 10 pM each primer, 3.6 U Platinum Taq DNA polymerase (Invitrogen 1 ), 0.3 mM dNTPs, 2.0 mM MgCl 2 , and 100 ng DNA template. To amplify the PARP-1 gene, the PCR products were generated in a final volume of 20 ml containing PCR MasterMix 1Â (Promega, Madison, WI), 0.4 mM each primer, and 100 ng DNA template.
The reactions proceeded under the following conditions: initial denaturation at 948C for 4 min, followed by 35 cycles of 948C 45 sec, annealing temperature as described in Table IV , and extension at 728C for 1 min. An extension period for 5 min followed the final cycle. Negative (water) and positive (DNA containing known each DNA repair genes) controls were assayed in each run. The amplified fragments were visualized in 2% agarose gels containing ethidium bromide under UV light and were digested with appropriate restriction endonucleases. The restriction enzymes and the fragment size are described in Table IV . The fragments were resolved by 8% nondenaturing polyacrylamide electrophoretic gels and silver staining. Randomly selected samples were re-genotyped (10% of samples).
Statistical Analysis
The statistical analyses were conducted using the EPINFO 1 6.0 or SPSS 1 15.0 version statistical software program (SPSS, Chicago, IL). Statistically significant differences were evaluated by the chi-square test (x 2 ) and Fisher's exact test. Correlations between expression of the proteins and histological subtype were analyzed using Spearman's correlation coefficient. A P-value less than 0.05 was regarded as statistically significant. 
